The chemical forms of Clostridium botulinum 62A and 213B were prepared, and their heat resistances were determined in several heating media, including some low-acid foods. The heat resistance of C. botulinum spores can be manipulated up and down by changing chemical forms between the resistant calcium form and the sensitive hydrogen form. The resistant chemical form of type B spores has about three times the classical PO4 resistance at 235 F (112.8 C). As measured in peas and asparagus, both types of C. botulinum spores came directly from the culture at only a small fraction of the potential heat resistance shown by the same spores when chemically converted to the resistant form. The resistant spore form of both types (62A and 213B), when present in a low-acid food, can be sensitized to heating at the normal pH of the food.
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An assumption upon which most of the quantitative structure of thermobacteriology rests has been that once the spore has matured in the culture, it has, for a given heating medium, all of the resistance it is ever going to get. Thus, the heat resistance of a mature spore has been considered to be a constitutive or fixed property, as contrasted with a manipulative or changeable property.
However, in 1963, Alderton and Snell (3) showed that heat resistance of Bacillus spores was a manipulative property. Subsequent articles (4-7) have shown that mature, dormant, isolated Bacillus spores can be switched at will between heat-sensitive and heat-resistant forms by chemical pretreatment. To our knowledge, no one has reported the chemical manipulation of the heat resistance of clostridial spores. Unless clostridial spores were an exception to this capacity of spores to exist in different heat-resistant forms, one would expect the clostridial spores to reflect the effects of chemical manipulation in their resistance.
We prepared the various chemical forms of C.
botulinum 62A and 213B spores and determined their heat resistance in several heating media, including some low-acid food material.
MATERIALS AND METHODS
Spore crops. C. botulinum 62A was grown anaerobically for 96 h at 30 C in 5% polypeptone containing 10 Sensitization of resistant-form spores in products. Resistant (calcium)-form spores were homogenized in 3 to 4 ml of water in a Teflon homogenizer (5, 12) to disperse them singly. This homogenate was further diluted with water so that, when mixed with an equal volume of pureed product (each previously adjusted to pH 3 with HCl), a concentration of about 10' spores/ml would result. After the 1:1 productslurry was maintained at 50 C overnight, it was readjusted to its original pH, leaving the spores still viable but sensitized to heat. Heat resistance was determined as above by the TDT tube method, the heating being carried out at the original product pH.
RESULTS
Heat-resistant (Ca)-form spores -types A and B. The subcultured heat resistance curves are shown for the calcium form of 62A spores in phosphate ( Fig. 1 ), pureed peas, pH 6.0 (Fig. 2) , and pureed asparagus, pH 6.3 (Fig. 3) . The D2F 5 was found to be about 1.5 to 2.5 times greater than the classical phosphate resistance of 1.4 min corrected for lag (13, 11) ; Ca-form spores heated in phosphate buffer of pH 7.1 are only slightly more resistant than in the two foods. The D values have been taken as the reciprocal slope of the best least-squares line fitted to the survivor data for the heated spores. As shown in the figures, this slope is flatter than that of a line connecting the final heated point and the initial unheated viable-count point. Assuming the heated points lie on a straight line, as they appear to do, this may indicate that a portion of the population is quickly killed, leaving the significantly resistant fraction of the population represented by survivors at the heated experimental points. The initial drop in the early portion of the heating time represents, with respect to heat resistance, a defective fraction of the popula- MINUTES at 235°F. Fig. 4 , the D235 value of calcium 62A spores for green beans (pH 5) is lower than those in asparagus, peas, and phosphate.
The heat resistance of calcium-form C. botulinum 62A spores in peas and asparagus is reduced back to about the original classic value for phosphate resistance when the spores in the products are exposed-for a sufficient time to an elevated but sublethal temperature before lethal heating in the retort. The results are shown in Table 1 .
As shown in Fig. 5 to 7, the subcultured resistance of the calcium-form 213B spores is higher than that of the calcium-form 62A spores in phosphate and peas and somewhat lower in asparagus. The resistance of the heatresistant (Ca) form of the 213B spores in phosphate (D235 = 3.7) is about 2.5 times the classical phosphate (D235 = 1.4) resistance for C. botulinum spores.
Untreated (native) spores-types A and B.
As shown in Fig. 8 Quantitative analysis in general is aimed at measuring parameters of known lots or populations. On the other hand, in food microbiology, the mature wild spores that are found in the environment, whose resistance actually matters because these spores are the contaminators in the practical situation, are difficult to sample for the heat resistance property. Lacking information on their natural resistance level and, largely, even on their incidence, one approach available in thermobacteriology has been to make quantitative heat resistance measurements of maximum numbers of untreated spores of laboratory-cultured isolates of wild spores. This was done in the hope that the maximum resistance found in the laboratorygrown lots will be a valid model for the maximum resistance in nature. Because of the public health significance of C. botulinum spore heat resistance in food preservation, the need to know its maximum natural resistance quantitatively was recognized very early. By growing many different strains and isolates and using large numbers of spores (60 billion) to measure spore heat resistance directly, Esty and Meyer (9) in 1922 established what has since been accepted as the classical maximum resistance As shown in Fig. 8-10 , the resistance of both untreated type A and type B spores is low in peas (pH 6.1) and in asparagus (pH 6.3) when compared with their resistance in phosphate buffer (pH 7.1) as the heating medium ( Fig. 15  and 16 ). As discussed by Alderton et al. (7), the cations of the phosphate buffer are at a high enough pH partially to convert and maintain the spores in the resistant form during the heat resistance test itself. At the lower pH of products, the monovalent cations cannot compete effectively with hydrogen ion for the ion exchange sites of the spore.
Calcium, a divalent cation, does appear to be able to compete for the spore sites in the pH region of products around pH 6, thus allowing the resistant form of the spores to exist in products. Whereas the resistance (Fig. 15 and 16 ) of untreated spores is severalfold greater in phosphate than in peas and asparagus, resistance for the calcium form ( Fig. 1-3 and 5-7) is not greatly different between products and phosphate as the heating medium.
It is evident from Fig. 8-10 that the heat resistance of untreated spores in product, as determined by subculturing in laboratory medium, is much less than that for the calcium-form spores. For type A, the untreated MINUTES at 235°F. In the use of this or any other additive, or adjunct procedure, it should be kept in mind that, in a food mixture, only those spores that are actually physically contacted with the reagents will be sensitized or otherwise affected. Any spores that miss actual physical contact with the sensitizing reagents will be unaffected and retain full resistance.
